One of the ergonomics focus is work environment, which consist of physical work environment (illumination, climate, noise, etc) and non-physical work environment (working atmosphere). Music is a part of work environment, which can be used to improve emotion and productivity of workers. Listening to exciting music during exercise significantly affects heart rate, RPE and fatigue onset time (RamezanPour, 2012) . The aim of this research is to understand the effect of pop musical tempo during post treadmill exercise recovery time. The experiments were done at Ergonomics Laboratory of Petra Christian University. A ten minutes treadmill exercise with a certain speed scenario and without musical background was chosen as a physical activity. The recovery time is recorded during the recovering process while respondent listening pop musical tempo with adjusted tempo. There are four level of pop musical tempo which were chosen, they are slow (66-76 bpm), medium (76-120 bpm), fast (120-168 bpm), and very fast (168-200 bpm). The desired response is faster heart rate recovery time. Randomize Complete Block Design was used as an experimental method. This study concluded that pop musical tempo significantly affects the post treadmill exercise recovery time, and slow tempo (66-76 bpm) has the fastest recovery time than the others.
Introduction
Ergonomic is the study of human characteristics for the appropriate design of the living and working environment [1] . Ergonomics focuses on human beings and their interaction with products, equipment, facilities, procedures, and environments used in work and everyday living [2] . The objective of Ergonomics is to enhance the effectiveness and efficiency with which work and other activities are carried out and to enhance certain desirable human values.
Work environment is one of Ergonomic focus, which consist of physical work environment (illumination, climate, noise, etc.) and non-physical work environment (working atmosphere). Music as a part of physical work environment is a collection of tones that are arranged to produce rhythm, song and harmony. Music can be used to improve emotion and productivity of workers. RamezanPour [3] investigated the effects of listening to music during exercise on heart rate, blood pressure, rating of perceived exertion (RPE) and fatigue onset time. They reported that listening to exciting music during exercise significantly affects heart rate, RPE and fatigue onset time. Musical tempo can be defined as the pace or speed at which a section of music is played. Damschroder [4] state that a music which has tempo 120 bit per minutes can be categorized as fast tempo, meanwhile a music which has tempo 40 bit per minutes can be categorized as slow tempo. Mudjilah [5] divided musical tempo into three classes, which are fast tempo (allegro, allegretto allegresimo, presto), moderate tempo (moderato, allegro moderato, andante), and slow tempo (largo, largissimo, largeto, grave). Musical tempo classification can be seen in Table 1 . Several researches about the effect of musical tempo on the fatigue recovery time also have been done. Savitha [6] state that music with fast tempo (more than 120 beats/min) has a relaxant effect which allows the person to exert to the same extent with less calories burnt and exercise at a lower heart rate and lesser oxygen consumption. Meanwhile, Manjunantha [6] and Bhavsar [7] state that slow music has greater relaxation effect than fast or no music. These two researchers have found a different result. That is why; this research is conducted to gain a better understanding about the effect of musical tempo during post treadmill exercise recovery time. This research uses the same musical genre on different musical tempo experiment in order to avoid the effect of musical genre. Pop music was chosen in this research because this kind of music is commonly known and preferable by many people. As mentioned by Banoe [8] , pop music is a relaxing light music and entertaining music that favoured by many people. The aim of this research is to understand the effect of pop musical tempo during post treadmill exercise recovery time, and determine which pop musical tempo has best effect to post treadmill exercise recovery time. The recovery time is obtained through monitoring the time needed for a respondent to get a normal heart rate just like before doing a treadmill exercise.
Research method
Design of experiment is used to conduct this research. Experiment is a series of test in which purposeful changes are made to the input variables of a process or system so that we may observe and identify the reasons for changes that may be observed in the output response [9] . The objective of an experiment is to determine the influence of some factors (input factor or process factor) toward the output response of the system. General model of a system can be seen in Fig. 1 . The aim of this experiment is to know the effect of pop musical tempo towards post treadmill exercise recovery time, and determine which pop musical tempo which has best effect to the recovery time. Response for this experiment is respondent's recovery time after treadmill exercise. The recovery time is obtained from the time needed for a respondent to get a normal heart rate, after doing a ten minutes treadmill exercise. The characteristic of the response is lower the better, which means the fastest recovery time is desired. Factor for this experiment is pop musical tempo which has four levels. They are slow tempo (66-76 bpm), medium tempo (76-120 bpm), fast tempo (120-168 bpm), and very fast tempo (168-200 bpm). Songs that have been chosen for each level are "Kesalahan yang sama" by Kerispatih for slow tempo (73 bpm), Let it go by Demi Lovato for medium tempo (97 bpm), Like a G6 by Far Ease Movement for fast tempo (125 bpm), and Lovely by Kim Jong Kook for very fast tempo (188 bpm). The songs were chosen based on the respondent favourite pop song.
There are three basic principles to conduct an experiment; they are randomization, replication, and blocking. By randomization the order experiment's runs are randomly determined. By replication an independent repeat of each factor combination are satisfied. Blocking is used to reduce or eliminate the variability of nuisance factor, factor that may influence the experimental response, but not the main purpose of the experiment. Randomized Complete Block Design (RCBD) is one of the design techniques that is used to against nuisance factors. This method usually use when there is one factor and one nuisance factor. Randomized Complete Block Design is chosen as the experimental method in this study. Respondent is chosen as a nuisance factor and being blocked in order to minimize the effect of the respondent's variation. The physical activity is a ten minutes treadmill exercise with certain speed scenario and without musical background. Speed of 4 km/hour is used for the first two minutes, speed of 6 km/hour is used for the next four minutes, and speed of 7 km/hour is used for the last four minutes
The experiment was conduct at Ergonomic Laboratory, Petra Christian University. There are 25 male respondents. They are Petra Christian University students whose come from Architecture, Industrial Engineering, Mechanical Engineering, Automotive, Business Information System, Business Management, Informatics, Civil Engineering, and Electrical Engineering department. They are 20-21 years old, have 50-85 kg weight, and minimal have once jogging exercise per week. They never got a leg injury, never smoke, and enjoy listening to the music at relaxing time. Each respondent will have four treatments in the experiment according to the four musical tempo levels. Totally there are 100 runs in this experiment. Randomization was conducted to determine the treatment's order that will be accepted by each respondent, but not determine the order of the respondent, according to the respondent schedule limitation. The experiment's random order can be seen in Table 2 . Each respondent will only accept one treatment per day, so they will complete all treatments in four days. 
Hand phone is used as a music player and respondents listen to the pop music using a headset so they can adjust the music volume at their desired level. All of the respondents use the same hand phone and headset in order to omit the effect of the player variation. Heart rate monitor device and stopwatch are used to record the respondent recovery time.
The experiment's response is respondents' recovery time after 10 minutes treadmill exercise. Factor that is suspected affect the respondents' recovery time is musical pop tempo, with four levels of tempo. The experimental data will be analysed by using ANOVA test to determine whether pop musical tempo is significantly affect the respondents' recovery time or not. Main effect analysis will be used to determine which level of the pop musical tempo has best effect towards respondents' post treadmill exercise recovery time.
Result and discussion
The experiment was conducted at Ergonomic Laboratory, Petra Christian University. Some conditions inside the laboratory have been controlled in order to minimize the effect of extraneous factors such as room temperature, lighting, and noise. Respondent will get one treatment per day. For each treatment, initial heart rate was taken for five minutes, before respondent do the exercise. After ten minutes treadmill exercise, respondent will relax while listening to the music with certain tempo, according to randomization sequence that has been done before. The time will be counted from the beginning of relaxing time until their heart rate back to the normal heart rate range, just like before they do a treadmill exercise. The experimental data can be seen in Table 3 . The experimental data will be analyzed to determine whether pop musical tempo is significantly affects respondents' recovery time or not. The Minitab output for ANOVA test can be seen at Figure 2 . The residuals are Normally Independent Distributed, so the ANOVA test assumption is satisfied. Fig. 2 . ANOVA test.
The null hypothesis for this experiment is pop musical tempo doesn't significantly affect post treadmill exercise recovery time, while the alternative hypothesis is pop musical tempo significantly affect post treadmill exercise recovery time. It can be seen in Fig. 2 that P value for the musical tempo is 0.000. Its means that pop musical tempo significantly affects post treadmill exercise recovery time at 0.05 significant levels. Main effect analysis is done to determine which level of pop musical tempo has best effect to the recovery time. A lower time is desired and it will indicate the fastest post treadmill exercise recovery time. The main effect plot for the recovery time can be seen in Fig. 3 . The faster recovery time is obtained when respondent have a relaxing time with hearing a slow tempo pop music (66-76 bpm), which means pop music with slow tempo gives the fastest heart rate recovery time after doing a treadmill exercise; compared to medium tempo, fast tempo and very fast tempo. There could be respondent preference on certain song will take effect, but this effect has been investigated in the other research. 
Conclusion
The experiment result concludes that pop musical tempo significantly affects the post ten minutes treadmill exercise recovery time. The fastest heart rate recovery time after treadmill exercise is pop music with slow tempo (66-76 bpm). Further research can be done for analysing the effect of musical tempo towards post treadmill exercise recovery time, for the other musical genre, such as classic, jazz, etc. Further research also can be done for analysing the effect of musical tempo towards the other kind of exercise and physical activity.
